Isolation of predominantly submicron-sized UHMWPE 
wear particles from periprosthetic tissues 
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ered particles were UHMWPE. When viewed by scanning 
electron microscopy, individual particles were clearly ob- 
served and were either rounded or elongated. The majority 
were submicron in size. The application of this method to 
the study of particles from periprosthetic tissues may elu- 
cidate aspects of biomaterial particle size and shape that are 
important to the biologic response to, and clinical outcome 
of, total joint replacement. © 1995 John Wiley & Sons, Inc. 



A method of tissue digestion using sodium hydroxide was 
applied to the isolation and recovery of ultra-high-molecu- 
lar-weight polyethylene (UHMWPE) particles from tissues 
around failed total hip replacements. Density gradient ul- 
tracentrifugation of the digested tissues was performed to 
separate the UHMWPE from cell debris and other particu- 
lates. Fourier transform infrared spectroscopy and differ- 
ential scanning calorimetry (DSC) verified that the recov- 



INTRODUCTION 

Wear particles produced at the articulating surfaces 
of total joint prostheses have been implicated as the 
cause of inflammatory bone loss and implant loosen- 
ing. 1-6 The relative roles of particle shape, size, ma- 
terial, and number in this process remain unclear, in 
part because of the difficulty in characterizing intra- 
cellular particulates. Histologic examination of wear 
particles is limited for the following reasons. First, 
light microscopy is limited to particles that are large 
enough to be resolved by the optics of the microscope 
used, generally >1 u,m. Second, tissue processing 
and sectioning can affect the final appearance of the 
particles. For example, bone cement is dissolved by 
the clearing agents used in paraffin processing, and 
the angle at which a particle is sectioned may result in 
the misinterpretation of its true shape. Last, particles 
must be recognized within the sections, so observer 
bias or experience may be a factor in the assessment 
of debris in tissues. 

An alternative is the isolation of the particles from 
the tissues and their subsequent examination by 
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scanning electron microscopy (SEM) or automated 
measuring techniques. Several methods of tissue di- 
gestion have been reported for the recovery of metal- 
lic or bone cement particles. 7,8 The high density of 
those particles facilitates their recovery from tissues 
because centrifugation will cause them to pellet out at 
the bottom of the solution. The recovery of polyeth- 
ylene particles, which have a density less than that of 
water (0.93-0.94 g/cm 3 ), required new methods to be 
devised through a series of experiments with various 
reagents and separation techniques. 9 Because uni- 
formly sized and shaped ultra-high-molecular-weight 
polyethylene (UHMWPE) particles were not avail- 
able, those experiments were performed by recover- 
ing high-density polyethylene (HDPE) beads (Sham- 
rock, NJ) that had been added to tissues harvested 
from patients undergoing primary joint replacement 
surgery. A method based on sodium hydroxide tissue 
digestion and ultracentrifugation over a sucrose gra- 
dient successfully recovered the HDPE particles for 
SEM examination. However, contamination by cell 
debris, although reduced following ultracentrifuga- 
tion, was noted in the recovered particles. 

The refined method developed in the present study 
recovered uncontaminated UHMWPE particles from 
tissues around failed total hip replacements for mor- 
phologic and quantitative SEM image analysis. 
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RESULTS 



Tissue digestion and particle examination 

The more fibrous the tissue and the larger the 
pieces, the longer it took to digest. However, longer 
digestion times did not appear to damage the parti- 
cles. The sucrose gradient employed in this study 
varied from approximately 1.23 g/cm 3 (50%) to 1.01 
g/cm 3 (5%). This effectively separated the lighter PE 
particles (density approximately 0.94 g/cm 3 ) in a 
white or tan-colored band at the top of the sucrose, 
from the heavier cell debris and metallic wear parti- 
cles, which formed a pellet at the bottom of the tube 
or remained in suspension. The second centrifuga- 
rion step with an isopropanol gradient provided, a 
smaller density gradient (0.90-1.0 g/cm 3 ), which fur- 
ther separated UHMWPE into a diffuse, white band 
between the two isopropanol solutions. Under polar- 
ized light, all of this material was birefringent, but, 
although individual needle-shaped particles several 
microns in length could be seen, the majority of the 
material was too small to be clearly resolved (Fig. 1). 

Scanning electron microscopy of these particles re- 
vealed well-dispersed individual or small groups of 
particles that showed two consistent morphologies, 
rounded or elongated (Fig. 2). Image analysis of the 
rounded particles showed that they ranged from 
0.07-6.3 u,m in diameter (average 0.38 ± SD 0.32 u,m, 
median 0.3 u.m, number imaged = 882), and the 
elongated shaped particles ranged from 0.57-12.2 u,m 
in length (2.19 ± 1.26 u,m, median 1.9 u.m, N = 362). 
The majority (96.6%) of round particles were submi- 
cron in size. The remainder were approximately 1 ujn 
in diameter, although occasionally larger particles, 
(possibly groups of smaller sized particles) were seen. 
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Figure 1. Polarized light micrograph (x60) of material re- 
covered from between the two isopropanol layers following 
the second centrifugation step. All of this material is bire- 
fringent but most of the particles are too small to be seen 
clearly. 



Figure 2. Scanning electron micrograph of particles recov- 
ered from the isopropanol gradient. The background is a 
0.2-u.m filter. Particles were isolated from tissues surround- 
ing: (a) Cemented Charnley THR, (b) pressfit ATH THR, (c) 
porous-coated titanium alloy surface replacement. Each 
shows thin, tapered fibrils (F), irregularly rounded particles 
approximately 1 p,m in diameter (R) and individual submi- 
cron-size particles (I) either lying on the filter or on the 
surface of the larger particles. A larger shred (S) is seen in 
(c). (x 10,000). 

There were two forms of elongated particles: 
"fibrils" were relatively short and thin (0.5-3 u.m 
long, < 0.25 u,m thick). In contrast, "shreds" were up 
to 12 u.m long and up to 1 u.m thick. Ninety percent 
of the elongated particles were >1 u.m in length, but 
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high purity should be used for this purpose. The 
modified protocol described in the present study is 
suitable for the collection of such particles. 
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